INTRODUCTION
This report presents a summary description of building structures in the San Francisco Bay area that have been selected for use in a study of dynamic characteristics.
specifically, the validity of small-amplitude testing methods for the assessment of dynamic characteristics will be studied. Each of the buildings described herein was instrumented with strong-motion accelerometers prior to the Loma Prieta Earthquake of October 17, 1989 (M s = 7.1) and yielded excellent sets of response records during the earthquake. The buildings have been selected to cover a range of structural systems, construction materials, aspect ratios, and foundation types.
BACKGROUND
Reliable estimates of modal frequencies, stiffness and damping of structural systems are essential for predicting the dynamic response under loading conditions associated with serviceability or structural safety. Although response characteristics of isolated structural components usually can be predicted with acceptable accuracy using simple models, this is not the case for complete structures where primary and secondary systems can interact in complex ways.
Examples of such interaction include the participation of cladding in overall system-stiffness and damping, the participation of infill walls and non-structural partition walls, and the interaction of floor systems with columns and bearing walls.
Analytical models for calculating building response usually involve SUbstantial simplification of the real structure and, for various reasons, detailed physical scale models for controlled testing in the laboratory often prove impractical.
Consequently, each of these approaches must depend on reliable full-scale field measurements for validation and/or improvement of the modeling technique.
Changes in the dynamic properties of structures SUbjected to strong seismic excitation are related to the intensity and extent of damage and, therefore, reliable full-scale response measurements are of potential use in the assessment of structural damage.
Numerous studies of structural response have been carried out on tall buildings, long-span bridges, and large dams. The most widely used technique has been to rely on ambient vibrations for excitation or, in certain cases, to use one or more mechanical shakers to excite specific modes of vibration in the structure. In rare cases response measurements have been obtained during extreme events such as earthquakes or wind storms.
Generally, these measurements suggest a strong dependence of response parameters on displacement amplitude, thus raising questions about the validity and proper interpretation of response measurements obtained under 1 low levels of excitation.
It is not unknown for seemingly identical structures to exhibit basic characteristics such as stiffness that differ by as much as 50 percent (Ellis and Littler, 1987) • In the case of structural damping, determinations may differ by a factor of two or more. How much of this disparity can be attributed to actual physical differences and how much can be attributed to measurement errors and incorrect interpretation of test results is unknown.
TEST PROGRAM
The Lorna Prieta Earthquake of October 17, 1989, provided a unique opportunity to carry out a program of field measurements and analytical modeling of a select number of existing structures to better understand the significance of factors such as displacement amplitude in full-scale response measurements. In particular, it should be possible to interpret characteristics measured under lowlevel response in the light of known (recorded) high-level response.
The approach will be to select a number of undamaged buildings that were subjected to strong ground shaking during the Loam Prieta Earthquake and for which valid response records are available.
It should be possible from these records to obtain estimates of overall damping, the first two or three modal frequencies and the peak accelerations and displacements.
Existing analytical models can be ·used to estimate transverse and torsional modes of vibration and to predict response to low-level excitation. These predicted responses can then be used as a basis for selecting and installing suitable instrumentation with which to conduct low-level response measurements. To the extent possible, instrumentation systems installed in the buildings at the time of the Lorna Prieta Earthquake will be utilized in the field measurement program.
CANDIDATE STRUCTURES
Buildings that are considered to be good candidates for additional study are listed in Table 1 and are located on the local area map of Figure 1 .
This map also indicates the major ground failures caused by the Lorna Prieta Earthquake. The instrumentation systems in these candidate structures were installed and are maintained by the United States Geological Survey (USGS) and by the California Division of Mines and Geology (CDMG).
The structural systems include steel frames, reinforced concrete moment frames and combinations of the two.
No attempt has been made to include shear-wall systems in the selection although some of the structural systems include shear wall or core walls in the lower stories of the structure.
The data included in Table 1 were extracted from post-earthquake reports by Maley et al., 1989 ,. 
GROUND RESPONSE RECORDS
View to west. Table 2 contains a summary of peak ground accelerations at basement level in each of the five selected buildings and at strong-motion sites in the vicinity of the selected buildings. In most cases the si tes represent free-field conditions, not being affected significantly by nearby buildings or other structures.
In some cases the instrumentation is either in or adjacent to a singlestory building such as a fire house. For the Transamerica Building in San Francisco, the strong-motion sites at Diamond Heights, Pacific Heights and Telegraph Hill are located within two-story buildings. Table 3 . A considerable amount of response data from these and other structures has not yet been processed or analyzed. Also included in Table 3 are selected results of forced vibration studies carried out prior to Loma Prieta and measurements of ambient vibrations carried out by USGS and NIST personnel on May 10- 11, 1990 .
FIELD MEASUREMENTS
To the extent possible, use will be made of the permanently installed instrumentation in the candidate structures. The advantages of this approach are that it allows a direct comparison of low-level measurements with high-level measurements and considerably reduces the amount of time and effort required to carry out the field measurements. The major disadvantage is that the sensitivities of the permanently installed sensors may in certain cases be too low to obtain reliable acceleration measurements. In most cases the permanently installed sensors are force-balance accelerometers (FBA's) with a nominal sensitivity of 2.5 vol ts/g and a resolution of approximately 1 micro-g. If necessary, additional point measurements can be obtained using portable accelerometers provided by USGS.
The NIST data acquisition system to be used in the field measurement program has an input range of ± 10 volts and employs A total of 16 data channels can be multiplexed at the 250, OOO/sec rate. Each data channel is provided with a differential input amplifier, a 3-pole active filter, and a sample-and-hold amplifier. Thus the samples obtained in each scan of the data channels have zero time skew.
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The differential amplifiers have nine jumper-selectible gains covering the range xl to x500. If desired, DC components in the amplified signal can be nulled with a programmable offset voltage of up to 40 percent of the dynamic range.
The effective dynamic range of the data acquisition system is extended by a programmable-gain amplifier in the A/D section with a gain selection of 1, 2, 4," or 8. The filter type and cutoff frequency can be changed by changing resistor and capacitor networks on the signal conditioning cards. The configuration to be used in this measurement program is a Butterworth low-pass filter with a cutoff frequency of 10 Hz. The sample rate will be 50 samples per second per channel. The minimum record length will be 2,048 samples or approximately 40 seconds. It is anticipated that several minutes of recordings will be collected at each field site.
